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ÀËÃÎÐÈÒÌI×ÍI ÎÑÍÎÂÈ ÏËÀÍÓÂÀÍÍß ÒÀ ÎÖIÍÊÈ
ÐÅÇÓËÜÒÀÒIÂ ÁÀÃÀÒÎÔÀÊÒÎÐÍÎÃÎ ÅÊÑÏÅÐÈÌÅÍÒÓ

The offered algorithm is a generalized formalized description of the construction of matrices mno-
hofaktornyh yeksperymentiv planning and evaluation of the results for an fixed number of factors
from 2 to 255. The algorithm provides the experimenter the opportunity to choose a priori rea-
sonable number of experiments to construct a linear model response function based on which the
evaluation results. The algorithm is focused on creating autonomous software POM for operational
decisions of various tasks of planning and evaluation of practical optimization problems, especially
for complex processes and is appropriate for use when the implementation of real experiments that
investigated are very costly.

Çàïðîïîíîâàíèé àëãîðèòì ¹ óçàãàëüíåíèì ôîðìàëiçîâàíèì îïèñîì ïîáóäîâè ìàòðèöü ïëàíó-
âàííÿ áàãàòîôàêòîðíèõ ¹êñïåðèìåíòiâ òà îöiíêè ¨õ ðåçóëüòàòiâ äëÿ ôiêñîâàíîãî ÷èñëà ôàêòî-
ðiâ â ìåæàõ âiä 2 äî 255. Àëãîðèòì çàáåçïå÷ó¹ åêñïåðèìåíòàòîðó ìîæëèâiñòü àïðiîði âèáè-
ðàòè äîöiëüíó êiëüêiñòü åêñïåðèìåíòiâ äëÿ ïîáóäîâè ëiíiéíî¨ ìîäåëi ôóíêöi¨ âiäãóêó íà áàçi
ÿêî¨ çäiéñíþ¹òüñÿ îöiíêà ðåçóëüòàòiâ. Àëãîðèòì çîði¹íòîâàíèé íà ñòâîðåííÿ àâòîíîìíîãî ïðî-
ãðàìíîãî çàáåçïå÷åííÿ ÏÎÌ äëÿ îïåðàòèâíîãî ðiøåííÿ ðiçíîìàíiòíèõ çàäà÷ ïëàíóâàííÿ òà
îöiíêè ðåçóëüòàòiâ îïòèìiçàöiéíèõ ïðàêòè÷íèõ çàäà÷, íàñàìïåðåä, äëÿ ñêëàäíèõ òåõíîëîãi-
÷íèõ ïðîöåñiâ i ¹ äîöiëüíèì äëÿ âèêîðèñòàííÿ êîëè ðåàëiçàöiÿ ðåàëüíèõ åêñïåðèìåíòiâ, ùî
äîñëiäæóþòüñÿ ¹ âåëüìè çàòðàòíîþ.

ßê âiäîìî ç òåîði¨ áàãàòîôàêòîðíèõ åêñïåðèìåíòiâ [1,2], åêñïåðèìåíò, â ÿêî-
ìó ðåàëiçóþòüñÿ óñi ìîæëèâi êîìáiíàöi¨ ðiâíiâ ôàêòîðiâ, íàçèâà¹òüñÿ ïîâíèì
ôàêòîðíèì åêñïåðèìåíòîì (ÏÔÅ). Êîëè ÷èñëî ðiâíiâ êîæíîãî ôàêòîðà ðiâíå
äâîì, òî ÷èñëî íåîáõiäíèõ äîñëiäiâ äëÿ ðåàëiçàöi¨ óñiõ ìîæëèâèõ êîìáiíàöié
ðiâíiâ ôàêòîðiâ ¹ N = 2n, äå N � ÷èñëî äîñëiäiâ, n � ÷èñëî ôàêòîðiâ, 2 � ÷èñëî
ðiâíiâ. ßê ïðàâèëî, ÏÔÅ ¹ äîöiëüíèì òiëüêè òîäi êîëè íàòóðàëüíà ðåàëiçàöiÿ
êîæíîãî ç åêñïåðèìåíòiâ äëÿ ïðîöåñó, ùî äîñëiäæó¹òüñÿ íå ¹ âåëüìè çàòðàòíîþ.

Ïî÷àòêîâèì åòàïîì ïëàíóâàííÿ åêñïåðèìåíòó ¹ ïîáóäîâà ìàòðèöi ïëàíó-
âàííÿ. Ïðè öüîìó, âèõîäÿ÷è ç òîãî, ùî åêñïåðèìåíòàòîð ìà¹ ìàòè ìîæëèâiñòü
àïðiîði âèáèðàòè äîöiëüíó êiëüêiñòü åêñïåðèìåíòiâ äëÿ ïîáóäîâè ëiíiéíî¨ ìîäåëi
íà áàçi ÿêî¨ áóäå çäiéñíþâàòèñü îöiíêà ðåçóëüòàòiâ áàãàòîôàêòîðíîãî åêñïåðè-
ìåíòó, ìàòðèöÿ ïëàíóâàííÿ åêñïåðèìåíòó ôîðìó¹òüñÿ ó âèãëÿäi:

Z = [zij] =


z11 z21 . . . zL1
z12 z22 . . . zL2
. . . . . . . . . . . .
z1M z2M . . . zLM

 , (1)

äå i � íîìåð ôàêòîðà, j � íîìåð åêñïåðèìåíòa;

M = 2n−p, (2)

M � êiëüêiñòü åêñïåðèìåíòiâ, ïðè÷îìó

L =

 n− p, ïðè n < 255

n− pmax, , ïðè n ≥ 255
, 0 ≤ p ≤ pmax,

pmax = max
{
p : 2n−p ≥ n+ 1, p = 0, 1, . . .

} (3)
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Åëåìåíòè ìàòðèöi Z âèçíà÷àþòüñÿ çà ôîðìóëàìè:
ïðè k = 1:

z1j = (−1)j, j = 1, 2; (4)

ïðè k = 2, L :

zij+2k−1 = zij, i = 1, k − 1, j = 1, 2k−1,

zkj =

{
+1, ïðè j = 1, 2k−1

−1, ïðè j = 2k−1 + 1, 2k.

(5)

Çàçíà÷èìî, ùî zij � êîäîâå çíà÷åííÿ i-ãî ôàêòîðà â j-ìó åêñïåðèìåíòi, ïðè÷îìó

zij =
xij − x0i

δi
, (6)

äå xij � íàòóðàëüíå çíà÷åííÿ i-ãî ôàêòîðà â j-ìó åêñïåðèìåíòi,

x0i =
ximin + ximax

2
, (7)

δi =
ximax − ximin

2
, (8)

ximin, ximax � íàòóðàëüíi ãðàíè÷íi çíà÷åííÿ çìiíè i-ãî ôàêòîðà, ïðè÷îìó
ximax − ximin > 2ε∗0,

δi � iíòåðâàë âàðiþâàííÿ i-ãî ôàêòîðà,

ε∗0 = min
{
2−k+1 : 2−k = 0, k = 1, 2, . . .

}
� ìàøèííèé íóëü.

Òóò i äàëi ââàæà¹òüñÿ, ùî ôàêòîðè ¹ íåçàëåæíèìè çìiííèìè i ¨õ çíà÷åííÿ
äåòåðìiíîâíi, à êîæåí ç ðåçóëüòàòiâ åêñïåðèìåíòó � âèïàäêîâà âåëè÷èíà ç íîð-
ìàëüíèì çàêîíîì ðîçïîäiëó. Âèõîäÿ÷è ç öüîãî îöiíêà ðåçóëüòàòiâ åêñïåðèìåíòó
çäiéñíþ¹òüñÿ íà îñíîâi ôóíêöi¨ âiäãóêó âèãëÿäó:

y = b0 +
L∑
i=1

bizi, −1 ≤ zi ≤ 1. (9)

Âiäïîâiäíî äî òåîði¨ ïëàíóâàííÿ åêñïåðèìåíòó [1, 2] êîåôiöi¹íòè bi
(i = 0, 1, . . . , n) âèçíà÷àþòüñÿ çà ôîðìóëàìè:

b0 =
1

M

M∑
j=1

yj, (10)

bi =
1

M

M∑
j=1

yjzij, (11)

ïðè÷îìó
M = 2L, (12)
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yj = y
(
x1j, x2j, . . . , xLj

)
� çíà÷åííÿ ïàðàìåòðà îïòèìiçàöi¨ ó â j-ìó åêñïåðèìåíòi,

{
zi, i=mr−1+1,mr

}
=

{
r∏

k=1

zik , ik=k, L+k−r, ik<ik+1

}
, r=2, L−1, L≥3, (13)

zL =
L∏
i=1

zi, (14)

m1 = L, (15)

mj+1 = L+

j∑
i=1

L!

(i+ 1)!(L− i− 1)!
, j = 1, L− 2 ïðè L ≥ 3, (16)

L̄ = 1 +
L−1∑
i=1

L!

i!(L− i)!
, (17)

{
zij, i = mr−1,mr

}
=

{
r∏

k=1

zikj, ik = k, L+ k − r, ik < ik+‘1

}
,

r = 2, L− 1, j = 1,M ïðè L ≥ 3,

(18)

zL̄j =
L∏
i=1

zij, j = 1,M, (19)

xij = x0i + δizij, x0i =
(
ximin + ximax

)
/2, δi = (ximax − ximin)/2,

i = 1, L, j = 1,M.
(20)

Îòæå, åëåìåíòè ìàòðèöi ïëàíóâàííÿ åêñïåðèìåíòó (1) âèçíà÷àþòüñÿ ïî ôîð-
ìóëàì (2)�(5), à ïîáóäîâà ôóíêöi¨ âiäãóêó âèäó (9) çäiéñíþ¹òüñÿ íà îñíîâi ôîð-
ìóë (6)�(8), (10)�(20).

Ïðèìiòêà
Ïðèêëàä äëÿ ïðîãðàìíî¨ ðåàëiçàöi¨ ñïiââiäíîøåíü (13) i (18) ïðè L ≥ 3.{

zi, i = m1 + 1,m2

}
=
{
zkzl, k = 1, L− 1, l = 2, L, k < l

}
, L ≥ 3,{

zi, i = m2 + 1,m3

}
=
{
zkzlzm, k = 1, L− 2, l = 2, L− 1, m = 3, L,

k < l < m} , L ≥ 4,{
zij, i = m1 + 1,m2, j = 1,M

}
=
{
zkjzlj, k = 1, L− 1, l = 2, L, k < l,

j = 1,M
}
, L ≥ 3,{

zij, i = m2 + 1,m3, j = 1,M
}
=
{
zkjzljzmj, k = 1, L− 2, l = 2, L− 1,

m = 3, L, k < l < m, j = 1,M
}
, L ≥ 4.

Âõiäíi äàíi:
{
n, X, ε, Y

}
, äå

X =

[
x1min, x2min, . . . , xLmin

x1max, x2max, . . . , xLmax

]T
,
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ε = [ε1, ε2, . . . , εL]
T , εi � àáñîëþòíà ïîõèáêà âèçíà÷åííÿ îïòèìàëüíîãî çíà÷åííÿ

i-ãî ôàêòîðà (εi > ε∗0),
Y = [y1, y2, . . . , yM ]T .

Òàáëèöÿ 1.
Âèáið ÷èñëà ôàêòîðiâ

×èñëî ôàêòîðiâ 2 ≤ n <∞ Ãðàíè÷íà êiëüêiñòü åêñïåðèìåíòiâ
Mmin = 2n−pmax Mmax = 2n

Òàáëèöÿ 2.
Âèáið ÷èñëà åêñïåðèìåíòiâ

Ïàðàìåòð p:
0 ≤ p ≤ pmax

×èñëî åêñïåðèìåíòiâ
M = 2n−p M = 2n−p

Âèõiäíi äàíi:
{
y∗, x∗, y∗∗, x∗∗, b, Z, Z̄, X̄

}
, äå

y∗ = max
{
y
(
z∗1 , z

∗
2 , . . . , z

∗
L

)
= y
(
z11j , z22j , . . . , zLLj

)}
,

y∗∗ = min
{
y
(
z∗∗1 , z

∗∗
2 , . . . , z

∗∗
L

)
= y
(
z11j , z22j , . . . , zLLj

)}
,

ziij = −1 + ij · hi,

hi = max
{
2
/
(Ni + 1) , ε∗0, i = 1, L

}
,

Ni = int
[(
ximax − ximin

) /
εi

]
, i = 1, L, ij = 0, Ni + 1,

x∗ =
(
x∗1, x

∗
2, . . . , x

∗
L

)T
,

x∗∗ =
(
x∗∗1 , x

∗∗
2 , . . . , x

∗∗
L

)T
,

x∗i = x0i + δiz
∗
i , i = 1, L,

x∗∗i = x0i + δiz
∗∗
i , i = 1, L,

b =
(
b0, b1, . . . , bL

)T
,

Z̄ = [zij] =


z11 z21 . . . zL1 zL+11 . . . zL1
z12 z22 . . . zL2 zL+12 . . . zL2
. . . . . . . . . . . . . . . . . . . . .
z1M z2M . . . zLM zL+1M . . . zLM

 ,

X̄ = [xij] =


x11 x21 . . . xL1
x12 x22 . . . xL2
. . . . . . . . . . . .
x1M x2M . . . xLM

 , xij = x0i + δi · zij,

i = 1, L, j = 1,M.
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Ïðè ïðîãðàìíié ðåàëiçàöi¨ äàíîãî àëãîðèòìó ¹ íåîáõiäíèì âðàõóâàííÿ íà-
ñòóïíîãî.

1. Îñíîâíi âëàñòèâîñòi åëåìåíòiâ ìàòðèöi Z [1, 2]:

1.1.
M∑
j=1

zij = 0, i = 1, L,

1.2.
M∑
j=1

z2ij =M, i = 1, L,

1.3.
M∑
j=1

zijzkj = 0, i ̸= k, i, k = 1, L.

1.4. Òî÷êè â ìàòðèöi ïëàíóâàííÿ âèáèðàþòüñÿ òàê, ùîá ïîõèáêà ïðîãíîçíî-
ãî çíà÷åííÿ ëþáîãî çíà÷åííÿ y, ÿêå âèçíà÷à¹òüñÿ ôóíêöi¹þ âiäãóêó (2) áóëà
îäíàêîâà íà ðiâíèõ âiäñòàíÿõ âiä öåíòðà ýêñïåðèìåíòó x0 = (x01, . . . , x

0
n)

T i íå
çàëåæàëà âiä íàïðÿìêó.

2. Ïîìèëêè ïàðàëåëüíèõ (ïîâòîðíèõ) åêñïåðèìåíòiâ. Äëÿ âèêëþ-
÷åííÿ ç ÷èñëà åêñïåðèìåíòàëüíèõ äàíèõ ãðóáèõ ïîìèëîê (òàê çâàíèé áðàê ïðè
ïîâòîðíèõ åêñïåðèìåíòàõ) âèêîðèñòîâó¹òüñÿ êðèòåðié Ñòþäåíòà [1]. Çíà÷åííÿ

yjq (1≤j≤M , 1≤q≤Ñj, 3≤Ñj) ââàæà¹òüñÿ áðàêîâàíèì, ÿêùî
yjq − yj
sj

≥ t, äå

yj =

Ñj∑
k=1
k ̸=q

yjk

Ñj − 1
, sj =

√√√√√√√
Ñj∑
k=1
k ̸=q

(
yjk − yj

)2
Ñj − 2

,

à çíà÷åííÿ t áåðåòüñÿ iç òàáëèöi t-ðîçïîäiëó ïðè ÷èñëi ñòåïåíåì ñâîáîäè f=Ñj−2.

3. Îäíîðiäíiñòü äèñïåðñié

3.1. ßêùî ÷èñëî äèñïåðñié, ÿêi ïîðiâíþþòüñÿ áiëüøå äâîõ i îäíà ç íèõ çíà-
÷íî áiëüøà iíøèõ òà ó âñiõ òî÷êàõ çäiéñíåíî îäíàêîâå ÷èñëî ïîâòîðíèõ åêñïåðè-
ìåíòiâ Ñ , òî äëÿ ïåðåâiðêè îäíîðiäíîñòi äèñïåðñié ìîæíà âèêîðèñòàòè êðèòåðié
Êîõíåðà [1]:

G=
s2max

N∑
j=1

s2j

,

äå s2max =max
{
s2j , j = 1,M

}
, s2j =

Ñj∑
q=1

(
yjq − yj

)2
Ñj − 1

, yj =

Ñj∑
q=1

yjq

Ñj

, 1 ≤ j ≤M ,

Ñj � ÷èñëî ïîâòîðåííÿ j-ãî åêñïåðèìåíòà (2 ≤ Ñj).
Ãiïîòåçà ïðî îäíîðiäíiñòü äèñïåðñié ïiäòâåðäæó¹òüñÿ, ÿêùî çíà÷åííÿ G íå

ïåðåâèùó¹ òàáëè÷íå çíà÷åííÿ.

3.2. Ðåçóëüòàòè âèìiðþâàíü yjk , k = 1, Ñj ââàæàþòüñÿ îäíîðiäíèìè ÿêùî

Íàóê. âiñíèê Óæãîðîä óí-òó, 2013, âèï. 24 , N 2



ÀËÃÎÐÈÒÌI×ÍI ÎÑÍÎÂÈ ÏËÀÍÓÂÀÍÍß ÒÀ ÎÖIÍÊÈ ÐÅÇÓËÜÒÀÒIÂ . . . 167

äëÿ ëþáîãî yjk âiäíîñíå âiäõèëåííÿ rk =

∣∣∣∣∣∣∣∣∣∣
yjk − yj

sj

√
Ñj − 1

Ñj

∣∣∣∣∣∣∣∣∣∣
> r.

Òóò yj =

Ñj∑
k=1

yjk

Ñj

, sj =

√√√√√√
Ñj∑
k=1

(
yjk − yj

)2
Ñj − 1

, r � òàáëè÷íå çíà÷åííÿ ïðè

f = Ñj − 2 [2].
4. Äèñïåðñiÿ âiäòâîðåííÿ. ßêùî ÷èñëî ïîâòîðíèõ åêñïåðèìåíòiâ îäíà-

êîâå (Ñj = Ñ) äëÿ âñi¹¨ ìàòðèöi Z, òî äèñïåðñiÿ ïàðàìåòðà îïòèìiçàöi¨
{
y
}

(äèñïåðñiÿ âiäòâîðåííÿ)

s2{y} =

N∑
j=1

Ñ∑
q=1

(
yjq − yj

)2
M
(
Ñ − 1

) .

Ó ïðîòèëåæíîìó âèïàäêó

s2{y} =

N∑
j=1

fjs
2
j

N∑
j=1

fj

.

äå s2j � äèñïåðñiÿ j-ãî åêñïåðèìåíòó, fj = Ñj − 1.
5. Ïåðåâiðêà àäåêâàòíîñòi ìîäåëi. Äëÿ ïåðåâiðêè àäåêâàòíîñòi ìîäåëi

çà êðèòåði¹ì Ôiøåðà íåîáõiäíî îá÷èñëèòè âåëè÷èíó F =
s2àä
s2{y}

, äå s2àä =

N∑
j=1

∆y2j

f
,

∆y2j =
(
yj−b0−

n∑
i=1

bixij

)2
, f=M−(n−1). ßêùî çíà÷åííÿ F íå ïåðåâèùó¹ òàáëè÷íîãî,

òî ç âiäïîâiäíîþ äîâið÷îþ éìîâiðíiñòþ ìîäåëü ìîæíà ââàæàòè àäåêâàòíîþ [1].
6. Ïåðåâiðêà çíà÷èìîñòi êîåôiöi¹íòiâ. Äèñïåðñiÿ êîåôiöi¹íòiâ bi âèçíà-

÷à¹òüñÿ çà ôîðìóëîþ

s{bi} =
s{y}√
M
.

Ïðè öüîìó äîâið÷i iíòåðâàëè ∆bi = ± ts{bi}, äå t � òàáëè÷íå çíà÷åííÿ êðèòåðiÿ
Ñòþäåíòà ïðè ÷èñëi ñòåïåíåé ñâîáîäè ç ÿêèì âèçíà÷àëîñü s2{bi} òà âèáðàíîìó
ðiâíi çíà÷èìîñòi (ÿê ïðàâèëî 0,05) [1]. Êîåôiöi¹íò ââàæà¹òüñÿ çíà÷èìèì â ðàçi

|bi| >
ts{y}√
M

.

1. Íàëèìîâ Â.Â. Ïëàíèðîâàíèå ýêñïåðèìåíòà ïðè ïîèñêå îïòèìàëüíûõ óñëîâèé. � Ì.: Íàó-
êà, 1976. � 279ñ.

2. Àäëåð Þ.Ï. è äð. Ïðèìåíåíèå ìàòåìàòè÷åñêîé ñòàòèñòèêè ïðè àíàëèçå âåùåñòâà. �
Ì.: Ãîñ. èçä. ôèç.-ìàò. ëèò., 1960. � 430 ñ.

Îäåðæàíî 05.11.2013

Íàóê. âiñíèê Óæãîðîä óí-òó, 2013, âèï. 24 , N 2


